T he recent emergence of direct-acting antiviral agents for hepatitis C virus (HCV) infection, including the combination of ledipasvir and sofosbuvir (LDV/SOF), has dramatically increased the number of HCV-infected patients for whom treatment can be tolerated and successful. [1] [2] [3] Labeling for LDV/SOF by the Food and Drug Administration and clinical guidelines from the American Association for the Study of Liver Diseases (AASLD) and Infectious Diseases Society for America (IDSA) recommend 12 weeks of treatment for genotype 1, treatment-naive patients and state that an 8-week course can be considered in those who also have no cirrhosis, are human immunodeficiency virus (HIV)-uninfected, and have HCV RNA <6 million IU/ mL. 4, 5 Recent revisions to the AASLD/IDSA guidelines further specify that black patients should not be treated with 8-week courses of LDV/SOF. However, the addition of race as a criterion for treatment duration is based on limited evidence and could exacerbate observed racial/ ethnic disparities in HCV treatment initiation. 6 The ideal evidence to support the AASLD/IDSA guidelines on race and treatment duration would be from a clinical trial in which patients who were eligible to receive 8 weeks were randomized to receive either 8 or 12 weeks. The ION-3 study randomized genotype 1, treatment-naive patients without cirrhosis to receive 8 or 12 weeks, but the study included few black patients and did not use HCV RNA <6 million IU/mL as an eligibility criterion for 8 weeks. 1, 7 Thus, observational data are needed to approximate a randomized comparison of treatment effectiveness between black patients receiving 8 and 12 weeks of therapy. Prior observational studies have suggested reduced response for black patients receiving 8 weeks of therapy, [8] [9] [10] [11] [12] [13] whereas a more recent pooled analysis of real-world cohorts found similar response by race for patients receiving 8 weeks.
14 However, because prior studies did not limit analyses to black patients otherwise eligible for 8 weeks (ie, treatment-naive, no cirrhosis, HIV-uninfected, and HCV RNA <6 million IU/mL), black patients receiving 8 and 12 weeks may have differed with respect to these key factors that affect treatment response. Furthermore, there may be other subgroups who are at higher risk of failure after 8 compared with 12 weeks of therapy, but prior studies have not restricted analyses of risk factors for treatment failure to those eligible for 8 weeks, thus limiting their clinical relevance. Finally, studies are needed to identify factors associated with the underuse of 8-week regimens, which could guide efforts to increase access to treatment.
We investigated outcomes of LDV/SOF for 8 compared with 12 weeks among HCV-infected patients within Kaiser Permanente Northern California (KPNC). Our primary objective was to compare the effectiveness of 8 and 12 weeks of LDV/SOF among patients eligible for 8 weeks, overall and by race/ethnicity and other subgroups. To evaluate potential underuse of 8-week regimens, we also evaluated factors associated with receipt of 12 weeks of LDV/SOF among patients eligible for 8 weeks.
Methods
Study Setting, Population, and Design KPNC is a large integrated healthcare system that provides comprehensive medical services to 4.1 million members, corresponding to approximately one-third of insured individuals in the surrounding population. 15 We identified all adult KPNC members with confirmed HCV infection, defined as a positive HCV RNA test or a known HCV genotype, who initiated HCV treatment with direct-acting antiviral agents from October 2014 (month of approval of LDV/SOF and when direct-acting antiviral agent use became more widespread at KPNC) through December 2016. Our study population for this analysis was restricted to patients who were eligible to receive 8 weeks of LDV/ SOF and received either 8 or 12 weeks without ribavirin, with eligibility for 8 weeks defined as follows: genotype 1, treatment-naive, no cirrhosis, HIVuninfected, and HCV RNA <6 million IU/mL. Among otherwise eligible patients, we excluded 10 patients treated with durations <8 weeks, 2 patients treated with durations between 8 and 12 weeks, and 10 patients treated with durations >12 weeks. Black patients were considered eligible for 8 weeks of therapy in this analysis because the AASLD/IDSA guidelines were not updated to include the race criterion until after our study period ended, and because we aimed to assess the appropriateness of the added race criterion. KPNC follows AASLD/IDSA guidelines for HCV treatment, but final decisions about treatment duration were at the discretion of the treating clinicians.
The institutional review board at KPNC approved this study with a waiver of written informed consent.
Study Measurements
We extracted data from the clinical and administrative databases that comprise KPNC's electronic health record, including age; sex; race/ethnicity; health plan enrollment periods; height and weight; pharmacy fills for HCV medications; medical center; laboratory tests and results (ie, HCV genotype, HCV RNA, platelets, aspartate aminotransferase, alanine transaminase, creatinine, international normalized ratio, bilirubin, and albumin); number of alcoholic drinks per week, which has been systematically collected at KPNC since 2013 16 17 and diabetes status was extracted from the KPNC diabetes registry. 18 We estimated liver fibrosis by using noninvasive measures that are routinely used in clinical practice, specifically transient elastography (ie, FibroScan; Echosens, Waltham, MA). Transient elastography scores were extracted from a clinician-maintained database. For patients without transient elastography measurements, we estimated liver fibrosis by using the FIB-4 index, a serum biomarker composed of age and routine liver function test results, specifically platelets, aspartate aminotransferase, and alanine transaminase. 19 We defined cirrhosis as a transient elastography score 12 kPa 20 or as a FIB-4 score >5.88.
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We defined treatment effectiveness by the achievement of sustained virologic response at least 12 weeks after the end of treatment (SVR12). Because visit timing may vary in clinical practice, we assessed SVR12 by using the first HCV RNA test conducted at least 11 weeks after the end of treatment. SVR12 was indicated by HCV RNA <20 IU/mL, whereas treatment failure was indicated by HCV RNA 20 IU/mL. Individuals without an HCV RNA test at least 11 weeks after the end of treatment were excluded from analyses of SVR12.
Statistical Analysis
The primary outcome of interest for this analysis was SVR12 after 8 compared with 12 weeks of therapy among individuals eligible for 8 weeks. Second, we evaluated receipt of 12 weeks of therapy among individuals eligible for 8 weeks. Covariates of interest included race/ethnicity (white, black, Hispanic, Asian, other); age at treatment initiation (<50, 50-59, 60 years); sex; medical center; transient elastography score (<9.5, 9.5-11, 11.1-11.9 kPa) by using the most recent measurement in the 6 months before treatment initiation; FIB-4 score (<1.45, 1.45-3.25, 3.26-5.88) for patients without transient elastography measurements by using the most recent laboratory test results in the 6 months before treatment initiation; creatinine (1.1, >1.1 mg/dL), international normalized ratio (1.1, >1.1), bilirubin (1.1, >1.1 g/dL), and albumin (<3.6, 3.6 g/dL) by using the most recent test results in the 6 months before treatment initiation; diabetes (ever/never through 2016); body mass index >30 kg/m 2 by using the most recent height and weight measurements in the 6 months before treatment initiation; number of alcoholic drinks per week (0, 1-7, 8-14, 15) by using the most recent measurement before treatment initiation; and drug abuse, smoking, and hepatitis B virus infection, all defined as ever/never through 2016.
We computed the proportion achieving SVR12 overall and within subgroups for patients receiving LDV/SOF for 8 or 12 weeks by using c 2 tests to compare SVR12 by treatment duration. We used Poisson models with robust variance to obtain adjusted risk ratios (RRs) by comparing the effectiveness of 8 and 12 weeks overall and within subgroups, with models including terms for black race and any factors that were associated with SVR12 at P < .1 in bivariable analysis and using interaction terms to assess differences in the effect of treatment duration between subgroups. We then used c 2 tests to compare the characteristics of HCV-infected individuals who were eligible to receive LDV/SOF for 8 weeks and treated for 8 or 12 weeks. We used Poisson models with robust variance to identify factors independently associated with receipt of 12 weeks among those eligible for 8 weeks, including terms for black race and any variables that were associated with receipt of 12 weeks at P < .1 in bivariable analysis. Finally, in addition to patient characteristics, we assessed whether medical center was associated with the proportion of patients treated for 12 weeks among those eligible for 8 weeks and then used simple linear regression to assess whether variation in prescribing practices was associated with SVR12 at each medical center.
Analyses were conducted in SAS 9.4 (Cary, NC). Statistical tests were two-sided, and statistical significance was defined as P < .05.
Results

Study Population
We identified 6108 individuals with HCV infection who initiated treatment with direct-acting antiviral agents from October 2014 through December 2016. Of the 6108, 2653 (43.4%) were considered eligible to receive 8 weeks of LDV/SOF and treated for 8 weeks (73.8%) or 12 weeks (26.2%) ( Table 1 ). More than half (57.9%) were white and 17.3% were black, half (50.8%) were aged 60 years or older, and 42.5% were female. Of those with transient elastography measurements, 16.0% had scores of 9.5-11.9 kPa at baseline. Nearly one-third (32.1%) were obese, and 15.1% had diabetes. Some alcohol use was reported among 15.7% of subjects, 18.5% had drug abuse diagnoses, and 39.2% ever smoked. Hepatitis B virus coinfection was present in 5.1% of the cohort.
Factors Associated With Sustained Virologic Response at Least 12 Weeks After the End of Treatment
Of the 2653 8-week-eligible patients, 2544 (95.9%) had an HCV RNA test at least 11 weeks after the end of treatment and were included in analyses of SVR12. Among the 109 excluded patients, 13.8% were black, compared with 17.1% of those with HCV RNA test (P ¼ .36). The overall proportion with SVR12 was 96.3% among those treated for 8 weeks, compared with 96.3% among those treated for 12 weeks (P ¼ .94) ( Table 2) . Among black patients eligible to receive 8 weeks, there was no difference in SVR12 between those treated for 8 weeks and those treated for 12 weeks (95.6% vs 95.8%, P ¼ .90).
The percentage of patients achieving SVR12 exceeded 95% in most subgroups defined by patient characteristics and treatment duration. A higher proportion of patients aged <50 years achieved SVR12 after 8 weeks compared with 12 weeks (99.0% vs 93.1%, P ¼ .014), but there were no other factors associated with differences in SVR12 by treatment duration, including sex, transient elastography or FIB-4 scores, creatinine, international normalized ratio, bilirubin, albumin, diabetes, body mass index, alcohol use, drug abuse, smoking, or hepatitis B virus infection.
After adjusting for black race and age, there was no difference in the likelihood of SVR12 after 8 weeks compared with 12 weeks (RR, 1.00; 95% confidence interval [CI], 0.98-1.02) ( Table 3 ). There was also no difference in the effectiveness of 8 weeks compared with 12 weeks among black individuals (RR, 1.00; 95% CI, 0.95-1.04) or non-black individuals (RR, 1.00; 95% CI, 0.98-1.02) after adjusting for age or among individuals aged <50 (RR, 1.06; 95% CI, 0.99-1.14) or 50 years (RR, 0.99; 95% CI, 0.97-1.01) after adjusting for black race. There was a trend toward an interaction between age and treatment duration, suggesting a difference in the RRs for age <50 and 50 years, but this did not reach statistical significance (P interaction ¼ .064).
Factors Associated With Treatment Duration
Among individuals eligible to receive 8 weeks of LDV/SOF, receipt of 12 weeks of treatment was more common among older patients; male patients; those with baseline transient elastography scores of 11.1-11.9 kPa or FIB-4 of 3.26-5.88; those with higher international normalized ratio, higher bilirubin, or lower albumin; patients with diabetes; those with higher body mass index; patients reporting 15 alcoholic drinks per week; and patients with hepatitis B virus coinfection (Table 4) . Race/ethnicity, creatinine, drug abuse, and smoking were not associated with treatment duration among patients eligible for 8 weeks.
In multivariable analysis, male sex (RR, 1.39; 95% CI, 1.22-1.58), transient elastography score 9.5 kPa or FIB-4 1.45 (RR, 3.29; 95% CI, 2.82-3.85), international normalized ratio >1.1 (RR, 1.26; 95% CI, 1.09-1.47), bilirubin >1.1 g/dL (RR, 1.37; 95% CI, 1.18-1.53), albumin <3.6 g/dL (RR, 1.51; 95% CI, 1.31-1.75), body mass index >30 kg/m 2 (RR, 1.28; 95% CI, 1.14-1.44), diabetes (RR, 1.40; 95% CI, 1.23-1.60), and reporting 15 alcoholic drinks per week compared with no alcohol use (RR, 1.40; 95% CI, 1.06-1.84) were associated with higher likelihood of receiving 12 weeks of therapy among those eligible for 8 weeks (Table 5) . Reporting 1-7 alcoholic drinks per week compared with no alcohol use was associated with reduced likelihood of receiving 12 weeks (RR, 0.75; 95% CI, 0.60-0.93). Age and hepatitis B virus coinfection were no longer associated with receipt of 12 weeks after adjusting for covariates, and race/ethnicity, drug abuse, and smoking were not associated with treatment duration in unadjusted or adjusted analyses.
The proportion of patients receiving 12 weeks of treatment differed by medical center, ranging from 18.6% to 37.8% (P ¼ .002), but was not associated with the overall proportion achieving SVR12 among patients eligible for 8 weeks at each medical center (P ¼ .77) (Figure 1) . 
Discussion
In this cohort of HCV-infected adults treated with LDV/SOF in a large healthcare system, SVR12 rates were greater than 95% in most subgroups of patients who were eligible to receive LDV/SOF for 8 weeks and treated for 8 or 12 weeks. Among black patients eligible for 8 weeks, we found no difference in treatment response between those treated for 8 and 12 weeks, and black race was not associated with treatment failure regardless of treatment duration. We found that 8-week regimens were underused, with 26% of those eligible for 8 weeks receiving 12 weeks of therapy. Patient characteristics associated with receipt of 12 weeks (eg, higher transient elastography scores, obesity, diabetes) were not associated with reduced treatment response after 8 weeks, suggesting room for improved efficiency in decisions about treatment duration. Furthermore, although receipt of 12 weeks varied across medical centers, there was no relationship between these prescribing practices and the overall proportion with SVR12 at each medical center. Our results indicate that 8-week regimens could be more widely used in clinical practice, and that, contrary to current AASLD/IDSA treatment guidelines, black patients who are otherwise eligible for 8-week regimens of LDV/SOF can be successfully treated with 8-week courses, providing a less costly alternative to patients who may not be able to afford 12 weeks of treatment.
In the absence of randomized trial data to support the AASLD/IDSA guidelines recommending against 8-week regimens of LDV/SOF in black patients, observational studies are needed that compare the effectiveness of 8 and 12 weeks among black patients who are eligible to receive either regimen. Several prior studies have suggested reduced treatment response 7-13 among black found that black patients had lower SVR12 than nonblack patients (91.3% vs 96.2%), but the difference in the 8-week group was not statistically significant, SVR12 was not assessed in black patients by treatment duration, and HCV RNA was not considered. In contrast, in a pooled analysis of the ION trials, Wilder et al 7 found that black patients who had HCV RNA <6 million IU/mL had similar SVR12 rates after 8 compared with 12 weeks of therapy (96.3% vs 98.3%), but SVR12 was not compared by treatment duration in the subgroup of black patients who met all 8-week eligibility criteria. Backus et al 12 found that 8-week treatment duration, but not black race, was independently associated with lower SVR12 in a multivariable model limited to treatment-naive patients with no cirrhosis and with HCV RNA <6 million IU/mL, but they did not directly assess whether SVR12 differed by treatment duration among black patients. A recent pooled analysis of real-world cohorts by Kowdley et al 14 compared SVR12 rates between black and white patients who were eligible for and treated for 8 weeks (95.8% vs 98.8%), but they did not compare with SVR12 rates among 8-week-eligible patients treated for 12 weeks. Our study extends the existing literature and informs clinical guidelines by demonstrating that black patients who are otherwise eligible for 8 weeks of therapy may not require 12 weeks to achieve SVR12.
We did not identify any demographic, clinical, or behavioral factors that were associated with reduced response after 8 compared with 12 weeks of LDV/SOF among individuals eligible for 8 weeks. We found that treatment with 8 compared with 12 weeks was associated with improved response among individuals aged <50 years in bivariable analysis, but the absolute difference in effectiveness was small (99.0% vs 93.1%), few younger patients were treated for 12 weeks (n ¼ 58), and the association was not statistically significant in a Poisson model. Backus et al 12 found that 8-week duration was the only factor associated with a reduced likelihood of SVR12 among patients who were eligible for 8 weeks and treated for 8 or 12 weeks. However, we are not aware of prior studies that have compared the effectiveness of 8 and 12 weeks of therapy within subgroups of 8-week-eligible patients. Although our findings call into question the AASLD/ IDSA guideline on race and treatment duration, they are consistent with recommendations for the use of 8-week regimens in patients who are treatment-naive, have no cirrhosis, are HIV-uninfected, and have HCV RNA <6 million IU/mL.
There are several limitations to our study. First, our sample size of black patients treated for 8 and 12 weeks was small, limiting our ability to detect a difference in SVR12 between the groups. Specifically, we had 80% power to detect a 9% difference in the proportion achieving SVR12 between black patients receiving 8 (n ¼ 315) and 12 weeks (n ¼ 120). However, the observed SVR12 proportions were essentially equal among 8-week-eligible black patients treated for 8 and 12 weeks (95.6% and 95.8%); thus, it is unlikely that the result was influenced by sample size. Furthermore, our sample size of black patients exceeds that of several studies on which the AASLD/IDSA race-based treatment guideline is based, 2 of which included only a total of 122 and 308 black patients treated for 8 and 12 weeks. 7, 9 Second, because our data were derived from a clinical practice setting, clinical decisions about treatment and the provision of care, including timing of laboratory measurements, may have varied across patients; however, our results reflect treatment effectiveness in a real-world setting, with SVR12 rates as high as those reported in clinical trials. Finally, there may have been some misclassification for behavioral factors such as drug abuse and smoking, and their timing with respect to treatment initiation could not be analyzed in detail.
Our study also has several strengths. First, this study investigates whether black patients who are eligible for 8 weeks of LDV/SOF have similar response rates after treatment for 8 compared with 12 weeks, informing clinical guidelines regarding race and treatment duration. Second, in contrast to other large observational cohorts of HCV-infected patients that are almost entirely male, 12 more than 40% of our cohort were female, thus strengthening the generalizability of our results. Finally, the KPNC membership mirrors the age, sex, and race/ ethnicity distributions of the surrounding population. 15 Thus, our results are likely to be generalizable to other insured adults with HCV infection in California.
In summary, more than one-third of HCV-infected patients initiated treatment with direct-acting antiviral agents during the initial 2 years of availability in this insured population, with high SVR12 rates across all subgroups of patients who were eligible for 8 weeks of LDV/SOF and treated for 8 or 12 weeks. Among black patients eligible for 8 weeks, there was no difference in response between those treated for 8 compared with 12 weeks. Demographic, clinical, and behavioral factors associated with receipt of 12 weeks were not associated with reduced treatment response after 8 weeks. Our findings do not support current AASLD/IDSA treatment guidelines that recommend against the use of 8-week courses of LDV/SOF in black patients and instead suggest that 8-week courses could be more widely used in select patients in clinical practice, potentially resulting in increased treatment capacity without compromising treatment effectiveness.
